Insulin may exert indirect effects on the central nervous system by modulating the plasma levels of precursors of neurotransmitters [1] and of glucose. In addition, evidence has accumulated to support a direct action of insulin on cells of the central nervous system and to indicate that this hormone may regulate their function [2, 3, 4, 5] . Specific binding of 125I-insulin to membrane preparations of whole brain of rat, monkey and pigeon [6] has been reported and recently the regional distribution of insulin receptors in the central nervous system of the rat has been investigated [7] .
The intact isolated retina, as well as dissociated retinal cells in short term cultures, have been extensively used for the study of neuronal metabolism [8, 9, 10, 11] . The mixed cell population of such preparations however, is an obvious disadvantage and does not allow examination of specific cell types.
This problem might be solved by two recent reports. First, cell proliferation has been induced in chick embryo neuroretina cultures transformed by Rous Sarcoma virus [12] and second, mouse embryo retina cells transformed by Simian virus 40 have been described [13] . The latter system permits separation of the mixed cell population into permanent clones.
The present work reports the characterisation of the insulin receptors in these mouse retina cell cultures [13] and in some of the clones derived from them.
Materials and Methods
Monocomponent porcine insulin, porcine proinsulin, guinea pig insulin and porcine glucagon were purchased from Novo Research Inst., Copenhagen, Denmark. Synthetic 1-24 adrenocorticotrophin was from Ciba-Geigy, Basel, Switzerland. Sodium a25I (carrier free) was from The Radiochemical Centre, Amersham, Bucks, U. K., and bovine serum albumin (fraction V) and HEPES (N-2-hydroxyethyl piperazine -N'-2-ethanesulphonic acid) from Sigma, Saint Louis, Mo., U.S.A. All other chemicals were from Merck, Darmstadt, West Germany.
The retinal cells were established and maintained in culture as previously described [13] . Cloning of the mixed cell cultures was performed by diluting the suspended cells and plating them in tissue-culture clusters containing 96 wells (6.4 mm diameter each) from Costar, Cambridge, Mass. U.S.A. In order to minimise the possibility of plating two cells together, the calculated plating density was of one cell per three culture wells. The cloning procedure was repeated twice, after the first clones were obtained. 125I- insulin was prepared at specific activities of 150-200 ~tCi per ~tg (approximately 0.5 atoms of iodine per insulin molecule) by a chloramine T iodination method [14] . For binding studies, the cells were detached from the dishes, when the cultures were subconfluent, by incubating them with 5 ml of Ca + +, Mg + +-free Dulbecco's PBS (pH 7.4) containing 1 mMol/1 disodium EDTA, at 37 ~ C.
0012-186X/79/0016/0275/$01.00 The assays for measuring 125I-insulin binding have been described previously [15] : the cells were incubated in a buffer containing 0.1 mol/l HEPES, 120 mMol/1 NaC1, 1.2 mMol/1 MgSO4, 5 mMol/1 KCI, 15 mMol/1 Na acetate, 10 mMol/1 glucose, 1 mMol/1 disodium EDTA and 1 g/100 ml bovine serum albumin at pH 7.8, to an approximate cell concentration of 2.5 to 4 • 106 cells/ml. The incubation temperature was 15 ~ C to minimise insulin degradation [16] . Separation of free and bound hormone was achieved by centrifugation in a Beckman microfuge [151. "Total" binding corresponded to the radioactivity in the cell pellet, and "non specific" binding to the radioactivity bound to the cells in the presence of 1.7 • 10 .6 mol/l unlabelled insulin. The results are expressed as the percent 125I-insulin bound either per mg of total cell protein (in the uncloned cell cultures) or per 106 cells (in the cloned cell lines). Possible degradation of the unbound labelled insulin (i. e. in the cell-free supernatant) was assessed by measuring its ability to bind at 4 ~ C to insulin receptors of purified rat liver membranes prepared according to Neville [17] as described by Feychet et al. [16] . Cell viability was determined at the conclusion of each experiment by the trypan blue exclusion method [18] . In all experiments, 90% or more of the cells excluded the dye. Protein was assayed by the method of Lowry [191 using bovine serum albumin as standard.
Results
The properties of the insulin receptor in the uncloned cultures of the established mouse retina cells were investigated first. The "specific" binding of the hormone was time-dependent, reaching a steady state by 60 min at 15 ~ C and remaining at a constant level for 120 min. At 37 ~ C the amount of tracer "specifically" bound was lower, but the steady state was reached earlier than at 15~ (Fig. 1) . The binding showed a sharp pH dependence with an optimum at pH 7.8 (Fig. 2) . The specificity of the insulin receptor has been characterised by the inhibition of 125I-insulin binding effected by unlabelled insulins of known biological potencies. Thus, in the uncloned cultured retinal cells, porcine insulin was 15 times more potent than porcine proinsulin and 20 times more potent than guinea pig insulin in inhibiting 12sI-insulin binding; unrelated peptide hormones (porcine glucagon, synthetic 1-24 adrenocorticotropin) were unreactive at 2 • 10 -7 mol/1 (Fig. 3) .
The degradation of the unbound labelled insulin was negligible in all experiments performed at 15 ~ C. Up to 30% of the hormone was degraded however at 60 rain when the incubation temperature was 37~ (results not shown).
When the binding data at equilibrium were analysed according to Scatchard [20] , a curvilinear plot was obtained (Fig. 4) . This phenomenon has been studied in detail by De Meyts et al. [21, 22] who provided experimental and theoretical evidence that it may be explained by site-site interactions of the negative cooperative type of the insulin receptor. Using the method reported by these authors, we were able to show that the dissociation rate is increased in (Fig. 5) . This finding is consistent with the existence of negative cooperativity in the insulin-receptor interactions in our system.
Thus the mixed cell cultures permitted us to demonstrate the existence and to study the properties of the insulin receptor in this system. It became possible, then, to investigate hormone binding in the cloned cell lines. Eleven clones were obtained, which were tentatively classified into three main groups on morphological criteria only. In group I (three clones), the cells were fusiform with two processes, in group II (five clones) polygonal with one long process and in group III (three clones) they were flat and lacked processes. Specific insulin binding could be demonstrated in all the clones (Table 1) . Considerable variation in the level of hormone binding was observed with overlapping of the values between the three groups. correlated with the known biological potency of these preparations [23] . In addition, the receptors of the retinal cells showed the characteristic temperature dependence and pH dependence of binding; association of 125I-insulin was more rapid at 37~ than at 15 ~ C, but the steady-state of binding was inversely related to the temperature and was maximal at pH 7.8. Finally, there was negative cooperativity in the insulin-receptor interaction, as in most of the other insulin receptors [22] . An apparent discrepancy was observed between the very slow dissociation of the tracer after dilution (Fig. 5 ) and the fact that steadystate of the binding of a non-saturating concentration of 125I-insulin was observed after 60rain ( Fig. 1) . This may be due to several reasons such as existence of a subpopulation of receptors with a Kd ~2 • 10 -11 mol/1, induction of negative cooperativity by the tracer itself or internalisation of the insulinreceptor complex. A discussion of the kinetics of the insulin binding is beyond the scope of this work [24, 25, 26, 27] . The importance in vivo of the insulin receptor on retinal cells remains to be elucidated. It should be stressed that Havrankova et al. [7] have recently demonstrated the existence of such receptors in homogenates from the retina of adult rats. Thus, the hormone binding that we have investigated in cultured retinal cells exists in the same tissue of living animals. Insulin receptors could also be detected in the three groups of the cloned cell lines, whose different morphology may represent different cell types. Biochemical characterisation of various clones, cur-P. Thomopoulos and B. Pessac: Insulin Receptors in Retinal Cells rently under investigation (B. Pessac, S. Alliot, A. Girard, S. Gu6rinot, P. Combes, A. Privat, G. Calothy, in preparation), might permit study of the relationships between insulin and specific functions of these cells. It is worth recalling that, in addition to its classical metabolic effects, insulin stimulates (Na + + K+)-dependent ATPase [28] and promotes synthesis of specific membrane phospholipids [29] . These actions may be of special importance in the physiology of neuronal cells.
Discussion

